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(54) Rotary damper 

(57) A rotary damper has a movable valve (27) sup- 
ported on a support projection (26) radially outwardly 
projecting from a shaft (24) of a rotary member (25) 
which is rotatably disposed in a chamber (21 ) filled with 
a viscous fluid (22) in a casing (23). Depending on the 
direction in which the rotary member rotates in the cham- 
ber, the movable valve opens or closes a fluid path (34) 
defined between the movable valve and an inner circum- 
ferential surface of the casing. The movable valve may 
be angularly movably supported on a support projection 
which is of a circular cross-sectional shape or radially 
movably supported on a support projection which is of a 
rectangular cross-sectional shape. 
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Description 

The present invention relates to a rotary clamper for 
use a high-torque damper for producing high torque 
damping forces, and more particularly to a non-hystere- 
sis rotary damper which is free from any operational 
ranges where no damping action is available, and a clo- 
sure device which employs such a non-hysteresis rotary 
damper. 

One known high-torque rotary damper is disclosed 
in Japanese laid-open patent publication No. 4-282039 
which corresponds to U.S. patent No. 5,152,189. 

The disclosed rotary damper will be described below 
with reference to FIG. 1 2 of the accompanying drawings. 
As shown in FIG. 12, the high -torque rotary damper com- 
prises a casing 3 having a hollow cylindrical chamber 1 
filled with a viscous fluid 2, a rotating member 5 relatively 
rot=i!ably disposed in the casing 3 and having a shaft 
member 4 at its center which is rotatable in the hollow 
cylindrical chamber 1 , and a movable valve 7 engagea- 
ble with an axial projection or vane 6 on the shaft member 
4 through a lost-motion connection in the direction in 
which the shaft member 4 is rotatable, the movable valve 
7 being rotatable with the rotating member 5 while sliding 
on a wall surface of the casing 3. A plurality of viscous 
fluid channels 8, 9, 10 having different cross-sectional 
areas, respectively, are defined in walls 7a of the mova- 
ble valve 7 and the axial vane 6 which can contact each 
other for imposing different resistances to viscous fluid 
flows depending on the direction in which the casing 3 
and the rotating member 5 rotate relatively to each other. 
The viscous fluid channel 8 has a small cross-sectional 
area, and the viscous fluid channel 9 has a cross-sec- 
tional area larger than the cross-sectional area of the vis- 
cous fluid channel 8. 

When the casing 3 and the rotating member 5 rotate 
relatively to each other, the movable valve 7 also rotates 
in the viscous fluid 2 and changes its position with re- 
spect to the rotating member 5. The movable valve 7 en- 
gages the axial vane 6 through the lost-motion connec- 
tion in the direction in which the shaft member 4 rotates. 
The viscous fluid channels 8, 9, 10 defined in the walls 
7a of the movable valve 7 and the axial vane 6 impose 
different resistances to viscous fluid flows from one side 
to the other of the axial vane 6 and the movable valve 7 
depending on the direction in which the casing 3 and the 
rotating member 5 rotate relatively to each other. 

Specifically, when the rotating member 5 rotates 
with respect to the casing 3 in one direction, i.e., in a 
direction to displace the axial vane 6 toward the viscous 
fluid channel 9, almost no resistance is applied to a fluid 
flow across the axial vane 6 and the movable valve 7 as 
the fluid flows through the viscous fluid channels 9, 10. 
However, when the rotating member 5 rotates with re- 
spect to the casing 3 in the opposite direction, i.e., in a 
direction to displace the axial vane 6 toward the viscous 
fluid channel 8, a high resistance is applied to a fluid flow 
across the axial vane 6 and the movable valve 7 because 


the fluid flows through the viscous fluid channels 8, 10. 
Therefore, when the rotating member 5 rotates with re- 
spect to the casing 3 in the opposite direction, the high 
resistance imposed on the fluid flow produces very high 

5 torque damping forces. 

The torque damping forces are greater as the 
cross-sectional area of the viscous fluid channel 8 is 
smaller. As a consequence, the conventional rotary 
damper can produce different torque damping forces de- 

10 pending on the cross -sectional area of the viscous fluid 
channel 8. 

The lost-motion connection is provided by a gap 7b 
between the axial vane 6 and the walls 7a of the movable 
valve 7. When the rotating member 5 rotates with respect 

is to the casing 3 in a direction to displace the axial vane 6 
toward the viscous fluid channel 8, because the axial 
vane 6 has to move across the gap 7b until it reaches 
the viscous fluid channel 8, the rotary damper cannot im- 
mediately produce high torque damping forces and 

20 hence has a certain initial operational range in which no 
damping action is available. 

If the prior rotary damper is used with the fall board 
of a piano to dampen the closing movement of the fall 
board, then the user may possibly get fingers pinched by 

25 the fall board when the user opens the fall board to some 
extent and then releases the fall board because no 
damping action is performed by the rotary damper in its 
initial operational range. 

It is therefore an object of the present invention to 

30 provide a non -hysteresis rotary damper which is free 
from any operational ranges where no damping action is 
available. 

Another object of the present invention is to provide 
a closure device, such as the fall board of a piano, which 

35 employs such a non -hysteresis rotary damper. 

According to the present invention, there is provided 
a rotary damper comprising a casing having a chamber 
defined therein which is filled with a viscous fluid, a rotary 
member rotatably disposed in the casing and having a 

^o shaft, and valve means movably supported on the rotary 
member for controlling a flow of the viscous fluid in the 
chamber, the rotary member having a support projection 
projecting radially outwardly from an outer circumferen- 
tial surface of the shaft and extending parallel to an axis 

4 5 of the shaft, the valve means being movably supported 
on the support projection to define a fluid path for the 
viscous fluid between the valve and an inner circumfer- 
ential surface of the casing, the valve means being mov- 
able on the support projection to selectively open and 

50 close the fluid path depending on the direction in which 
the rotary member rotates in the chamber. 

When the rotary member rotates in one direction in 
the chamber, the resistance of the viscous fluid is applied 
to the valve means, moving the valve means on the sup- 

55 port projection in a direction to close the fluid path. The 
rotary damper now develops high torque damping forc- 
es. 

When the rotary member rotates in the opposite di- 
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rection in the chamber, the valve means moves on the 
support projection in a direction to open the fluid path 
under the resistance of the viscous fluid. The viscous flu- 
id is now allowed to flow smoothly across the valve 
means through the fluid path. At this time, the rotary 
damper generates no torque damping forces. 

According to the present invention, there is also pro- 
vided a closure device for selectively opening and clos- 
ing a cover, comprising an arm having a roller rotatably 
mounted on an end thereof and held in rolling contact 
with the cover a rotary damper having a shaft coupled 
to the arm for being angularly moved by the arm, and a 
support base integral with the rotary damper and extend- 
ing in at least one direction from the rotary damper, the 
support base being adapted to be fixed to a member with 
respect to which the cover is to be closed, the rotary 
damper comprising a casing having a chamber defined 
therein which is filled with a viscous fluid, a rotary mem- 
ber rotatably disposed in the casing and having a shaft, 
and valve means angularly supported on the rotary 
member for controlling a flow of the viscous fluid in the 
chamber, the rotary member having a support projection 
projecting radially outwardly from an outer circumferen- 
tial surface of the shaft and extending parallel to an axis 
of the shaft, the valve means being movably supported 
on the support projection to define a fluid path for the 
viscous fluid between the valve and an inner circumfer- 
ential surface of the casing : the valve means being mov- 
able on the support projection to selectively open and 
close the fluid path depending on the direction in which 
the rotary member rotates in the chamber. 

According to the present invention, there is also pro- 
vided a rotary damper comprising a casing having a 
chamber defined therein which is filled with a viscous flu- 
id, a rotary member rotatably disposed in the chamber, 
and a valve movably supported on the rotary member for 
radial movement into and out of contact with an inner 
circumferential surface of the casing to selectively open 
and close a fluid path defined between the valve and an 
inner circumferential surface of the casing depending on 
the direction in which the rotary member rotates in the 
chamber. 

The above and further details and advantages of the 
present invention will become apparent from the follow- 
ing detailed description of preferred embodiments there- 
of, when read in conjunction with the accompanying 
drawings, in which:- 

FIG. 1 is a cross-sectional view of a rotary damper 
according to an embodiment of the present inven- 
tion; 

FIG. 2 is a cross-sectional view of the rotary damper 
shown in FIG. 1, illustrating the manner in which a 
movable valve thereof moves; 

FIG. 3 is a cross-sectional view of a rotary damper 
according to another embodiment of the present 


invention; 

FIG. 4 is a perspective view of the movable valve 
shown in FIGS. 1 and 2; 

5 

FIG. 5 is a perspective view of a movable valve 
according to still another embodiment of the present 
invention; 

io FIG. 6 is a cross-sectional view of a rotary damper 
according to another embodiment of the present 
invention; 

FIG. 7 is a cross-sectional view of the rotary damper 
is shown in FIG. 6, illustrating the manner in which a 
movable valve thereof moves; 

FIG. 8 is a fragmentary perspective view of a closure 
device which employs a rotary damper according to 
20 the present invention, the closure device being 
shown as combined with the fall board of a piano; 

FIG. 9 is a front elevational view of the closure 
device shown in FIG. 8; 

25 

FIG. 10 is a front elevational view of a closure device , < v 

according to another embodiment of the present 

invention; v 

30 FIG. 11 is a side elevational view of the closure .. 
device shown in FIG. 10; and 

FIG. 12 is a cross-sectional view of a conventional < 
rotary damper. ; . 

35 ' . '2 

Like or corresponding reference characters denote . % 

like or corresponding parts throughout views. .... 4*- 

FIGS. 1 through 3 show a rotary damper according 
to an embodiment of the present invention. 
40 As shown in FIG. 1, the rotary damper, generally 
designated by the reference numeral 20, comprises an 
axially elongate casing 23 having a hollow cylindrical 
chamber 21 defined therein which is filled with a highly 
viscous fluid 22 such as grease. The casing 23 has an 
45 integral casing ridge 23a extending axially longitudinally 
and projecting radially inwardly toward a central axis O 
thereof. As described later on, the casing ridge 23a 
serves as a stopper for limiting rotation of a rotating 
member 25 disposed in the casing 23. 
50 The rotating member 25 is positioned in the casing 

23 for rotation with respect to the casing 23. The rotating 
member 25, which serves as an input shaft, includes a 
shaft 24 coaxial with the casing 23 and having opposite 
ends rotatably supported on end walls of the casing 23 

55 by respective bearings (not shown). 

The casing ridge 23a has a radially inner end spaced 
slightly from the outer circumferential surface of the shaft 

24 by a small clearance 30 such that the shaft 24 can 
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rotate without interference with the casing ridge 23a. 

The rotating member 25 has a support projection 26 
on which a movable valve 27 (described below) is rotat- 
ably supported. The support projection 26 projects radi- 
ally outwardly from the outer circumferential surface of 
the shaft 24 and extends axially longitudinally parallel to 
the axis O of the shaft 24. The support projection 26 has 
a substantially circular cross-sectional shape. 

In the embodiment shown in FIGS. 1 and 2, the ro- 
tating member 25 has only one support projection 26. 
However, as shown in FIG. 3, the rotating member 25 
may have a pair of diametrically opposite support pro- 
jections 26 spaced 180° from each other on the outer 
circumferential surface of the shaft 24, a pair of movable 
valves 27 may be angularly movably mounted on the 
support projections 26, respectively, and the casing 23 
may have a pair of diametrically opposite casing ridges 
23a disposed between the casing ridges 23a. 

The movable valve 27 is shown in detail in FIG. 4. 
The movable valve 27 has a recess 32 defined therein 
which is substantially complementary in shape to the 
support projection 26, i.e., which has a diameter sub- 
stantially equal to the outside diameter of the support 
projection 26. The recess 32 opens radially inwardly and 
extends in the longitudinal direction of the support pro- 
jection 26. The support projection 26 is relatively rotata- 
bly fitted in the recess 32 in the movable valve 27 such 
that the movable valve 27 can move angularly on the 
support projection 26 about the axis of the support pro- 
jection 26. 

The movable valve 27 has a large-diameter outer 
curved surface 27a and a small-diameter outer curved 
surface 27b which face radially outwardly. The large-di- 
ameter outer curved surface 27a has a radius of curva- 
ture which is the same as the radius of curvature of the 
inner circumferential surface of the casing 23, and the 
small-diameter outer curved surface 27b has a radius of 
curvature which is smaller than the radius of curvature 
of the large-diameter outer curved surface 27a. The 
movable valve 27 also has a fluid passage 34 defined as 
a recess in both the large-diameter outer curved surface 
27a and the small-diameter outer curved surface 27b. 
The fluid passage 34 extends continuously axially be- 
tween the opposite axial ends of the movable valve 27. 
The large-diameter outer curved surface 27a includes a 
fluid blocking surface 27c near its end which can contact 
the inner circumferential surface of the casing 23 for 
blocking a flow of the viscous fluid 22 past the movable 
valve 27 along the inner circumferential surface of the 
casing 23. The movable valve 27 further has a flat sur- 
face 27d extending on one side thereof radially in align- 
ment with the axis O of the shaft 24. The flat surface 27d 
serves to bear the resistance from the viscous fluid 22 
when the shaft 24 rotates in one direction about the axis 
O. 

FIG. 5 shows a movable valve 27 A according to still 
another embodiment of the present invention. The mov- 
able valve 27A differs from the movable valve 27 shown 


in FIG. 3 in that it has a plurality of parallel fluid passages 
34A defined in both the large-diameter outer curved sur- 
face 27a and the small-diameter outer curved surface 
27b and spaced axially by a plurality of ribs 32a posi- 
5 tioned therebetween. 

Operation of the rotary damper 20 shown in FIGS. 
1 through 3 will be described below. 

When the shaft 24 of the rotating member 25 rotates 
counterclockwise in the direction indicated by the arrow 
10 A in FIG. 1, the viscous fluid 22 in the hollow cylindrical 
chamber 21 applies a resistance to the flat surface 27d 
of the movable valve 27, angularly moving the movable 
valve 27 clockwise in the direction indicated by the arrow, 
which is opposite to the direction indicated by the arrow 
*s A, around the support projection 26. The fluid blocking 
surface 27c of the movable valve 27 is brought into inti- 
mate contact with the inner circumferential surface of the 
casing 23. Upon further rotation of the rotating member 
25 in the direction indicated by the arrow A, the viscous 
20 fluid 22 is pushed by the flat surface 27d and forced to 
flow through the clearance 30 between the casing ridge 
22 and the shaft 24. Since the clearance 30 functions as 
an orifice to restrict the flow of the viscous fluid 22 there- 
through, the viscous fluid 22 produces high torque damp- 
25 ing forces against the rotation of the rotating member 25 
in the casing 23. The movable valve 27 automatically 
moves angularly around the support projection 26 and 
hence the rotary damper 20 generates its damping ac- 
tion immediately after the rotating member 25 has start- 
30 ed to rotate in the direction indicated by the arrow A. Con- 
sequently, when the rotating member 25 rotates in the 
direction indicated by the arrow A, the rotary damper 20 
is free of any substantial operational range where no 
damping action is available, and hence functions as a 
3s non-hysteresis rotary damper. The rotation of the rotary 
member 25 stops when the movable valve 27 engages 
the casing ridge 23a. 

When the shaft 24 of the rotating member 25 rotates 
clockwise in the direction indicated by the arrow B in FIG. 
40 2, the movable valve 27 is angularly moved counter- 
clockwise in the direction indicated by the arrow, which 
is opposite to the direction indicated by the arrow B, 
around the support projection 26 under the resistance of 
the viscous fluid 22 in the hollow cylindrical chamber 21 . 
4 $ The fluid blocking surface 27c of the movable valve 27 
is displaced out of intimate contact with the inner circum- 
ferential surface of the casing 23. The fluid passage 34 
is positioned immediately radially inwardly of the inner 
circumferential surface of the casing 23, providing fluid 
50 communication between two regions of the chamber 21 
which are positioned on respective both sides of the 
movable valve 27. Accordingly, a fluid path 36 is created 
across the movable valve 27 through the fluid passage 
34 along the inner circumferential surface of the casing 
ss 23. Continued rotation of the rotating member 25 in the 
direction indicated by the arrow B causes the viscous flu- 
id 22 to flow in the direction indicated by the arrow C 
through the fluid path 36. Since the viscous fluid 22 thus 
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flowing freely through the fluid path 36 imposes no torque 
damping forces on the rotation of the rotating member 
25, the rotating member 25 rotates smoothly in the di- 
rection indicated by the arrow B, and hence the rotary 
damper 20 performs no damping action when the rotat- 
ing member 25 rotates in the direction indicated by the 
arrow B. 

FIGS. 6 and 7 show a rotary damper 20A according 
to another embodiment of the present invention. The ro- 
tary damper 20A shown in FIGS. 6 and 7 comprises a 
casing 23 having a hollow cylindrical chamber 21 filled 
with a highly viscous fluid 22 and including a radially in- 
ward casing ridge 23a, a rotating member 25 coaxially 
disposed in the casing 23 for rotation therein and having 
a support projection 38 of substantially rectangular cross 
section which projects radially outwardly from a shaft 24 
and extends axially longitudinally along the axis O of the 
shaft 24, and a movable valve 27B radially slidably 
mounted on the support projection 38. A clearance 30 is 
defined between the casing ridge 23a and the shaft 24. 

The movable valve 27B has a first slanted flat sur- 
face 27e extending on one side thereof radially in align- 
ment with the axis O of the shaft 24 obliquely with respect 
to the radial axis of the support projection 38 and a sec- 
ond slanted flat surface 27f extending on its opposite 
side and shorter than the first slanted flat surface 27e. 
The movable valve 27 B also has a large-diameter outer 
curved surface 27a near the first slanted flat surface 27 e 
and a small-diameter outer curved surface 27b near the 
second slanted flat surface 27f , the curved surfaces 27a, 
27b facing radially outwardly. The large-diameter outer 
curved surface 27a includes a fluid blocking surface 27c 
near its end for contacting the inner circumferential sur- 
face of the casing 23. 

The rotary damper 20A shown in FIGS. 6 and 7 op- 
erates as follows: 

When the rotating member 25 rotates counterclock- 
wise in the directbn indicated by the arrow A in FIG. 6, 
the movable valve 27B rotates with the rotating member 
25. At this time, the movable valve 27B is subjected to 
the resistance of the viscous fluid 22. Since the viscous 
fluid 22 flows into the gap between the inner circumfer- 
ential surface of the casing 23 and the small-diameter 
outer curved surface 27b, the movable valve 27B is dis- 
placed radially inwardly along the support projection 38. 
Now, a fluid path 36 is created between the inner circum- 
ferential surface of the casing 23 and the movable valve 
27B, and the viscous fluid 22 flows across the movable 
valve 27B through the fluid path 36 along the inner cir- 
cumferential surface of the casing 23. Therefore, when 
the rotating member 25 rotates in the direction indicated 
by the arrow A in FIG. 6, the rotating member 25 smooth- 
ly rotates without being resisted by the viscous fluid 22, 
and the rotary damper 20A produces no damping action. 

When the rotating member 25 rotates clockwise in 
the direction indicated by the arrow B in FIG. 7, the mov- 
able valve 27 B rotates with the rotating member 25. At 
this time, the second slanted flat surface 27e of the mov- 
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able valve 27B is subjected to the resistance of the vis- 
cous fluid 22. Because the second slanted flat surface 
27e extends radially in alignment with the axis O of the 
shaft 24 obliquely with respect to the radial axis of the 
support projection 38, the movable valve 27B is subject- 
ed to forces tending to move radially outwardly due to a 
radially outward component of the pressure of the vis- 
cous fluid 22 that is applied to the second slanted flat 
surface 27e. Therefore, the movable valve 27B is dis- 
placed radially outwardly until the fluid blocking surface 
27c thereof is brought into intimate contact with the inner 
circumferential surface of the casing 23 as shown in FIG. 
7. Upon further rotation of the rotating member 25 in the 
direction indicated by the arrow B, the viscous fluid 22 is 
forced to flow through the clearance 30 between the cas- 
ing ridge 23a and the rotating member 25. Inasmuch as 
the clearance 30 functions as an orifice to restrict the flow 
of the viscous fluid 22 therethrough, the viscous fluid 22 
produces high torque damping forces against the rota- 
tion of the rotating member 25 in the casing 23. The mov- 
able valve 27B automatically moves radially outwardly 
closing the fluid path 36 and hence the rotary damper 
20A generates its damping action immediately after the 
rotating member 25 has started to rotate. Consequently, 
when the rotating member 25 rotates in the direction in- 
dicated by the arrow B, the rotary damper 20 is ; free of 
any substantial operational range where no damping ac- 
tion is available, and hence functions as a non-hysteresis 
rotary damper. The rotation of the rotary member 25 
stops when the movable valve 27B engages the casing 
ridge 23a. 

FIGS. 8 and 9 show a closure device 12 which em- 
ploys the rotary damper 20 or 20A, the closure device 
12 being shown as combined with the fall board 54 of a 
piano. The closure device 1 2 may of course be combined 
with any of other relatively heavy covers which need to 
be closed slowly. : 

As shown in FIG. 8, the closure device 1 2 comprises 
a rotary damper 20, which may be the rotary damper 20 
shown in FIGS. 1 and 2 or the rotary damper 20A shown 
in FIGS. 6 and 7, an arm 40 connected at one end thereof 
to the shaft 24 of the rotary damper 20, and a support 
base 42 integrally joined to the casing 23 of the rotary 
clamper 20, the support base 42 having a bottom surface 
lying flush with the bottom surface of the rotary damper 
20. The support base 42 is fixedly mounted on a side 
plate 52 positioned between the keyboard and a cheek 
of the piano. 

A double-sided adhesive tape 44 is applied at one 
side thereof to the bottom surface of the support base 
42. Therefore, {fie closure device 1 2 can easily be fixed 
to the piano when the double-sided adhesive tape 44 ap- 
plied to the support base 42 is applied at its opposite side 
to the side plate 52 of the piano. Alternatively, the support 
base 42 may be fastened to the side plate 52 by wood 
screws rather than the double-sided adhesive tape 44. 

The arm 40 has a tower-like shape tapered off to- 
ward its distal end on which a freely rotatable roller 46 is 
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mounted. The roller 46 is held in rolling contact with the 
inner surface of the fall board 54 of the piano. The other 
end of the arm 40 has pair of spaced shaft supports 48 
secured to the shaft 24 of the rotary damper 20. There- 
fore, the arm 40 is angularly movable with respect to the 5 
casing 23 of the rotary damper 20 and hence the support 
base 42. 

As shown in FIG. 9, the arm 40 can be angularly 
moved an angle of 115° ± 5° between the 
dot-and-dash-line position D in which the arm 40 is an- 10 
gularly displaced away from the support base 42, thus 
opening the fall board 54, and the two-dot-and-dash-line 
position E in which the arm 40 is angularly displaced 
closely to the support base 42, thus closing the fall board 
54. The angle through which the arm 40 is angularly mov- is 
able can be determined depending on the effective angle 
through which the rotary damper 20 can produce torque 
damping forces. 

A leaf spring 50 extends from the bottom surface of 
the support base 42 partly around the casing 23 to a rear 20 
surface of the arm 40, and has its opposite ends con- 
nected to the support base 42 and the arm 40, respec- 
tively. The leaf spring 50 normally urges the arm 40 to 
turn in a direction toward the dot-and-dash-line position 
D for thereby opening the fall board 54. Therefore, the 2s 
fall board 54 which is relatively heavy can easily be 
opened under light forces with the aid of the returning 
forces of the leaf spring 50. 

The opposite ends of the shaft 24 of the rotary damp- 
er 20 have a square shape and are fitted in the respective 30 
shaft supports 48 of the arm 40. Therefore, angular 
movement of the arm 40 causes the shaft 24 to rotate in 
the casing 23. 

When the fall board 54 is closed; the arm 40 is an- 
gularly moved in a direction from the dot-and-dash-line 35 
position D toward the two-dot-and-dash-line position E. 
At this time, the shaft 24 is rotated in a direction to cause 
the viscous fluid 22 to produce high torque damping forc- 
es. Consequently, the rotation of the shaft 24 is slowed, 
thus dampening the closing movement of the fall board 40 
54. Since the rotary damper 20 can generate torque 
damping forces immediately after the shaft 24 has start- 
ed to rotate, there is no danger of pinching user's fingers 
even when the user opens the fall board 54 to some ex- 
tent and then releases the fall board 54. 45 

FIGS. 10 and 11 show a closure device according 
toanother embodiment of the present invention, typically 
for use with the fall board of a piano. The closure device 
shown in FIGS. 1 0 and 1 1 has a plate-like arm 60 and a 
pair of support bases 62 extending in respective opposite so 
directions. The arm 60 supports a roller 64 rotatably 
mounted on an end of the arm 60 remote from the sup- 
port bases 62. The closure device also has a rotary 
damper 20, which may be the rotary damper 20 shown 
in FIGS. 1 and 2 or the rotary damper 20A shown in ss 
FIGS. 6 and 7. The rotary damper 20 includes a shaft 
having one end projecting as an extension 66 from a cas- 
ing 23, and the arm 60 is connected at its opposite end 


to the shaft extension 66 by a setscrew 68, so that the 
arm 60 and the shaft extension 66 will rotate with each 
other. 

The arm 40 is normally biased to return to a position 
for opening the fall board of the piano by a coil spring 70 
acting between the arm 40 and the casing 23 and coiled 
around the extension 66. 

The roller 64 has a shaft 64a fitted in a groove 60a 
defined in the distal end of the arm 60. Consequently, 
the roller 64 can easily be attached to the arm 60 simply 
when the shaft 64a is inserted in the groove 60a. 

Claims 

1. A rotary damper comprising: 

a casing (23) having a chamber (21 ) defined 
therein which is filled with a viscous fluid (22); 

a rotary member (25) rotatably disposed in 
said casing and having a shaft (24); 

valve means (27) movably supported on said 
rotary member for controlling a flow of the viscous 
fluid in said chamber; 

said rotary member having a support projec- 
tion (26) projecting radially outwardly from an outer 
circumferential surface of said shaft and extending 
parallel to an axis of said shaft, said valve means 
being movably supported on said support projection 
to define a fluid path (34) for the viscous fluid 
between the valve and an inner circumferential sur- 
face of said casing; 

said valve means being movable on said sup- 
port projection to selectively open and close said 
fluid path depending on the direction in which said 
rotary member rotates in said chamber. 


2. 


A rotary damper according to claim 1 , wherein said 
support projection (26) has a substantially circular 
cross-sectional shape, said valve means comprising 
a valve (27) angularly movably supported on said 
support projection. 


3. A rotary damper according to claim 1 or 2, wherein 
said valve means comprises a valve (27) having a 
large diameter outer curved surface (27a), a small 
diameter outer curved surface (27b), and at least 
one fluid passage (34) defined in said large diameter 
outer curved surface and said small diameter outer 
curved surface. 

4. A rotary damper according to claim 3, wherein said 
large diameter outer curved surface (27a) has a fluid 
blocking surface (27c) near an end thereof for move- 
ment into and out of contact with the inner circum- 
ferential surface of said casing (23) to selectively 
open and close said fluid path (34) depending on the 
direction in which said rotary member (25) rotates in 
said chamber (21). 
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5. A rotary damper according to any preceding claim, 
wherein said casing (23) has a casing ridge (23a) 
projecting radially inwardly for limiting rotation of 
said rotary member (25), with a clearance (30) being 
defined between said casing ridge and said shaft 

(24) to allow said shaft to rotate in said casing. 

6. A rotary damper according to any of claims 1 to 4, 
wherein said casing (23) has a pair of diametrically 
opposite casing ridges (23a) projecting radially 
inwardly for limiting rotation of said rotary member 

(25) , said rotary member having a pair of diametri- 
cally opposite support projections (26) projecting 
radially outwardly from the outer circumferential sur- 
face of said shaft (25) and extending parallel to the 
axis of said shaft, said valve means comprising a 
pair of diametrically opposite valves (27) movably 
supported on said support projections respectively, 
each of said valve being positioned between said 
casing ridges. 

7. A rotary damper according to claim 1 , wherein said 
support projection (38) has a substantially rectangu- 
lar cross-sectional shape, said valve means (27B) 
comprising a valve radially movably supported on 
said support projection. 

8. A closure device for selectively opening and closing 
a cover (54), comprising: 

an arm (40) having a roller (46) rotatably 
mounted on an end thereof and held in rolling con- 
tact with the cover; 

a rotary damper (20) having a shaft (24) cou- 
pled to said arm for being angularly moved by said 
arm; and 

a support base (42) integral with said rotary 
damper and extending in at least one direction from 
said rotary damper, said support base being 
adapted to be fixed to a member (52) with respect 
to which the cover is to be closed; 

said rotary damper comprising: 

a casing (23) having a chamber (21 ) defined 
therein which is filled with a viscous fluid (22); 

a rotary member (25) rotatably disposed in 
said casing and having a shaft (24); and 

valve means (27) angularly supported on said 
rotary member for controlling a flow of the viscous 
fluid in said chamber; 

said rotary member having a support projec- 
tion (26) projecting radially outwardly from an outer 
circumferential surface of said shaft and extending 
parallel to an axis of said shaft, said valve means 
being movably supported on said support projection 
to define a fluid path (34) for the viscous fluid 
between the valve and an inner circumferential sur- 
face of said casing; 

said vafve means being movable on said sup- 
port projection to selectively open and close said 


fluid path depending on the direction in which said 
rotary member rotates in said chamber. 

9. A closure device according to claim 8, further com- 
prising a double-sided adhesive tape (44) having 
one side applied to a bottom surface of said support 
base (42) and an opposite side applied to said mem- 
ber (52) with respect to which the cover (54) is to be 
closed. 

10. A closure device according to claim 8 or 9, further 
comprising spring means (50) acting between said 
arm (40) and said rotary damper (20) for normally 
urging said arm in a direction to open the cover (54). 

11. A closure device according to claim 10, wherein said 
spring means comprising a leaf spring (50) having 
opposite ends connected to said arm (40) and said 
support base (42), respectively. 

1 2. A closure device according to claim 1 0, wherein said 
spring means comprising a coil spring (70) having 
opposite ends connected to said arm (40) and said 
rotary damper (20), respectively. 

'-r 

13. A rotary damper comprising: 
a casing (23) having a chamber (21 ) defined 

therein which is filled with a viscous fluid (22); 

a rotary member (25) rotatably disposed jn 
said chamber; and 

a valve (27) movably supported on said rotary 
member for radial movement into and out of contact 
with an inner circumferential surface of said casing 
to selectively open and close a fluid path (34) 
defined between said valve and an inner circumfer- 
ential surface of said casing depending on the direc- 
tion in which said rotary member rotates in said 
chamber. 

14. A rotary damper according to claim 1 3, wherein said 
rotary member has a radially outwardly projecting 
support projection (26) having a substantially circu- 
lar cross-sectional shape, said valve (27) being 
angularly movably supported on said support pro- 
jection. 

15. A rotary damper according to claim 1 3, wherein said 
rotary member has a radially outwardly projecting 
support projection (38) having a substantially rec- 
tangular cross-sectional shape, said valve (27B) 
being radially movably supported on said support 
projection. 

16. A rotary damper according to claim 1 3 or 1 4, wherein 
55 said valve (27) has a large diameter outer curved 

surface (27a), a small diameter outer curved surface 
(27b), and at least one fluid passage (34) defined in 
said large diameter outer curved surface and said 
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small diameter outer curved surface. 

1 7. A rotary damper according to claim 1 6, wherein said 
large diameter outer curved surface (27a) has a fluid 
blocking surface (27c) near an end thereof for move- 5 
ment into and out of contact with the inner circum- 
ferential surface of said casing (23) to selectively 
open and close said fluid path (34) depending on the 
direction in which said rotary member (25) rotates in 
said chamber (21 ). 10 

1 8. A rotary damper according to any of claims 1 3 to 1 7, 
wherein said rotary member (25) has a shaft (24) 
rotatably disposed in said chamber, said casing (23) 
having a casing ridge (23a) projecting radially is 
inwardly for limiting rotation of said rotary member, 
with a clearance (30) being defined between said 
casing ridge and said shaft to allow said shaft to 
rotate in said chamber. 
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